Random amplified Polymorphic DNA polymerase chain reaction (RAPD DNA-PCR) was employed to access the genetic variability and phylogenetic relationship among pig populations in Imo State. Genomic DNA from 50 pigs comprising of at least 10 pigs per geopolitical zone of Imo state were extracted and two highly polymorphic primers utilized to estimate variability, phylogenetic relationship among the pigs and their genetic diversity,. The genetic distance and genetic identity estimated showed that genetic distances (D) calculated ranged between 0.0300 (Songhai vs FUTO) and 0.1497 (MbaisevsAwo-Idemili), while the genetic identity (I) calculated ranged between 0.8610 (MbaisevsAwo-Idemili) and 0.9704 (Songhai vs FUTO).Similarity was observed between Songhai, Mbaise and FUTO populations, while Mbano and Awo-idemiliexhibited dissimilarity. The phylogenetic tree showed that Songhai, FUTO and Mbaise populations are more closely relatedwhile Mbano and Awo-idemili are more genetically distant. The standard genetic diversity (h*) of total population ranged from 0.0001 to 0.4998 with an average of 0.3208, while Shannon's information index (I*) ranged from 0.0001 to 0.6929 with a mean of 0.4762. This study shows that genetic diversity of the RAPD DNA polymorphs amongst pig populations in Imo State is low while the genetic relationship between the different populations varies from population to population.
Introduction
Increased loss of genetic diversity has been observed for all domestic livestock species all over the world, with the exotic and developed breeds beingmore selected. Ithas been estimated that more than half of our once common livestock breeds are now endangered (FAOSTAT, 2011) . The population of Nigerian Indigenous Pigs (NIPs) is almost extinct, and these pigs are an important source of food and livelihood for some people especially in the rural Southeastern and Middle Belt regions of Nigeria where they arereared mostly in extensive systems of production (Okoro, 2012) . The NIPs have not been developed into breeds but can be differentiated from modern commercial pigs by their characteristic features of black, white, black and white or pied colour with well-developed hair coat and erect ears, small, long and shallow bodies with a level back (Adebambo and Detmers, 1982) However, the existence of NIPsis fast eroding through large scale crossing with foreign commercial breeds such as LargeWhite, Landrace, Hampshire and Duroc breeds to exploit heterosis (Okoro, 2012) . There is evidence that suggests that most commercial pig farmers crossbreed their exotic stock with NIPs in order to attain to a great extent the h a r d i n e s s a n d d i s e a s e r e s i s t a n t characteristics of the NIPs in their flock (Igboeli and Orji, 1980) . Random amplified polymorphic DNA (RAPD) markers have proven to be a very useful tool for providing a convenient and rapid assessment of the genetic differences between genotypes (Williams et al., 1990) . Similarly, random amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR) technique has been used for estimation of the genetic variability among the breeds/species, but has low reproducibility (Williams et al., 1990) . RAPD markers are the randomly amplified target regions of less functional part of the genome that do not strongly respond to selection of the phenotypic level. Such amplified regions might accumulate more mutations, thereby offering a wider potential in assessing the intra/interbred genetic differentiations. The RAPD-PCR has been used to estimate the genetic variabilities among livestock species (AppaRaoet al., 1996; Chen et al., 1991; Huang et al., 2011; Kemp and Teale, 1994) . However an application of the RAPD technique in the diversity and variability analysis of the crossbred commercial breeds of pigs is lacking. Hence, this study is aimed at identifying the level of genetic variability, similarity and diversity among the commercial pig population in Imo state using RAPD DNA-PCR markers by estimating the genetic distance (D) and identity (I) between populations, phylogenetic tree as well as genetic diversity index (h*) and Shannon Information Index (I*) respectivelyamong 5 pig populations adapted and commercially used in pig production in the South-Eastern state of Imo State, Nigeria.
Materials and Methods

Experimental animals
A random sample of 50 unrelated pigs comprising of at least 10 animals from each of the threegeopolitical zone of Imo State were used for the experiment. Imo State is located in the tropical rainforest zone of South Eastern Nigeria, covered 0 0 within Latitude 4 04', 6 03' N and 0 0
Longitude 6 15', 8 15'W of equator.The geopolitical zones include Owerri, Orluand Okigwe, with the sources and sample sizes in each zone to include FUTO farm (10 pigs) and Mbaise farms (10 pigs) representing Owerri zone, Songhai farms (10 pigs) and Awoidemili farms (10pigs)representing Orlu z o n e a n d M b a n o 1 f a r m s ( 5 p i g s ) a n d M b a n o 2 f a r m s ( 5 p i g s ) representing Okigwe zone.
Sample collection and processing
Approximately, 2ml of whole blood samples was collected from each animal through the venepuncture of the marginal ear veins of pigs using 2ml syringes, dispensed into clean plastic tubes containing EDTA (ethylene-di-aminetetra-acetic acid), vigorously shaken and stored in ice packs and later transported to the National Institute for Medical Research (NIMR) Yaba Lagos State, Nigeria Biotechnology Laboratory where genomic DNA extraction, RAPD DNA PCR analysis and electrophoresis were carried out. Each pig sampled was as a result of its phenotypic appearance which bears credence to possible crossbreeding with local animals.
DNA Extraction
DNA was extracted using Zymo-TM Spin Genomic DNA Kit and purified following the manufacturer's standardi.e. with 100 μ l whole blood, 400μ lof Genomic Lysis Buffer was added.Mixing was done by vortexing 4-6 seconds, and then let to stand for 5-10minutes at room t e m p e r a t u r e . T h e m i x t u r e waslatertransfered to a Zymo-TM Spin Column in a Collection Tubeand centrifuged at 10,000 x g for 1 minute. The collection tube was discarded with the flow through. The Zymo-TM Spin Column was transferred to a new collection tube. 200 μl of DNA Pre-wash buffer was transferred to the spin column and centrifuged at 10,000 x g for 1 minute.500 μ l of g-DNA Wash Buffer was added to the spin column and then centrifuged at 10,000 x g for 1 minute.The spin column was transferred to a clean microcentrifuge tube, 50 μ l of Elution Buffer was added to the spin column and incubated for 2-5 minutes at room temperature and then centrifuged at top speed for 30 seconds to elute the Only distinct and prominent bands were scored for estimation of various parameters. The presence and absence of bands was recorded as "1" and "0", respectively. The binary coded characters (1, 0) were used for genetic analysis.
Statistical Analysis
From the gel results, band sizes were determined by visual appraisal with the aid of standard markers. Band presence and absence was designated 1 or 0 , respectively.The genetic distance (D) and genetic identity(I) were estimated using POPGENE software (1997) according to Nei's (1978) genetic distance and identity equations. While genetic similarity and dissimilarity among populations was analysed by generating phylogenetic tree using Nei genetic distance with UPGMA (Un-weighed Pair Group Method ofArithmetic average) analysis through POPGENE software. The genetic diversity was also estimated using Nei's genetic diversity index (h*) and Shannon Information Index (I*) (POPGENE software, 1997) .
Results and Discussion
The two primers of choice (OPA-06 and OPA-19) produced polymorphicband patterns, which were clear, scorable and interpretable in all the pig populations which ranged between 250 -10,000 base pairs as shown in figure 1 . Table 2 shows the Nei's (1978) unbiased measures of genetic identity and genetic distance with the genetic distance (D) ranging between 0.0095 (FUTOvsMbaise) and 0.1238 (MbaisevsAwo-Idemili), while the genetic identity estimated ranging between 0.8836 (MbaisevsAwo-Idemili) a n d 0 . 9 9 0 5 ( F U T O v s M b a i s e ) , respectively. Table 3 shows the summary of genetic variation for all the loci observed using Nei'sgenetic diversity index and Shannon Information Index. The genetic diversity indexmeasured using Nei's (1973) standard genetic diversity approach (h*) ranged from 0.0000 to 0.4998 with an average of 0.3208, while using Shannon's information index approach (I*), the genetic diversity estimated for both primers ranged from 0.0000 to 0.6929 with a mean of 0.4762 Biochemical Genetics. 37: 201-13. 5.
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Smith, E.J., C. P. Jones, J. Bartlett and K.E. Nestor. (1996) Intensified broiler production was conditioned by progress in selection activities and the creation of genotypes which would enable higher gains in shorter period of time (Škrbićet al., 2007) .
At present, there is an improvement in potential of broiler strains to provide high quality meat at low cost (Kemp and Kenny, 2003) . Breeders of meat-type chicken have become interested in adult body weight; the trend being towards a big-bodied chicken at early age in order to attract better price at marketing (Malik et al., 1997) . Regardless of genetic improvements performed by breeders, broiler hybrids still differ with regard to their efficiency due to the specific selection practices (Emmerson, 1997) . Many strains of broiler chickens have been imported into Nigeria and are utilised largely by commercial poultry industries. Besides, most of these industries possess parent stocks of different broiler chicken genotypes for production of broiler strains of their interests and in accordance with market demand. It is a common practice for poultry farmers to maximize the number of chickens raised per square unit area to get the optimal yields. Animal welfare activists have been insisted on humanizing the production process by reducing the stocking density of animals per square unit area (Softiet al., 2007) . Broiler chickens are juvenile animals undergoing physical development, stocking density during rearing may influence their structure. Some of these physical changes may cause welfare problems. High rearing densities in broilers are associated with an increased incidence of leg problems (Sorensen et al., 2000) . The latest focus of animal welfare research is to provide evidence on how certain genetic and rearing components may affect animals' expressive response and biological functioning (Broom, 2006) . Morphological asymmetry has been pointed as a potential animal welfare indicator as it reflects the ability of an individual to cope with the challenges that may affect its growth during a certain period of life (Knierim, 2007) . Genetic success for desired production traits in broiler chickens is often shadowed by welfare concerns related to musculoskeletal health. Thus, this study sought to evaluate morphological traits of broiler chicken genotypes raised on different stocking densities for gait dynamics.
MATERIALS AND METHODS
The study was conducted in the Poultry Unit of the Teaching and Research Farm, Federal College of Animal Health and Production Technology, Moor Plantation, Ibadan. Two hundred and sixteen broiler chickens consisting of equal number of Marshall, Ross and Arbor Acre genotypes were used for the study. Birds were raised on conventional starter ration (23.00% crude protein and 2800kcal/kgME) from day old to 4-weeks of age. Birds were randomly allocated to three stocking density treatments which were 10, 12 and 2 14birds /m in a 2 × 3 factorial arrangement. Each treatment group was replicated two times. The birds were later fed commercial broiler finisher ration (21.00% crude protein and 2900kcal/kg ME). The feeders and drinkers were allotted proportionately depending on the number of birds in each pen; feed and water were supplied ad libitum. Morphological data of the birds were collected weekly from week 5 to week 8 of the experiment using six randomly selected birds per treatment. All morphological measurements were carried out using a digital venier caliper (to the nearest 0.01mm) except the girth, which was measured with a measuring tape. Data were collected on hip width (the distance between the trochariteric gist of the femur), girth (measured as the circumference of the thorax of the birds), keel length (the distance between the sternum and the abdominal cavity), femur, tibitarsus (distance between the tibia (a lower leg bone) and tarsals and tarsometatarsus (was measured from the posterior proximal joint of the tibia and metatarsus to the anterior distal joint at the base of the middle toe). Data collected were subjected to multivariate analysis of variance using SAS (2004) statistical package. The separation of means was effected using Duncan's Multiple Range Test.
RESULTS AND DISCUSSION
The Pearson correlation of morphological traits of broiler chickens raised on different stocking densities is presented in Table 1 . The results show that the morphological traits were all positive and highly significant (p<0.01). The positive and significant nature of the correlation implies that there is a high degree of association between these traits, growth in any part of the traits is most likely to have a positive effect on the other traits. This is an indication that genes influencing the traits may not be acting in isolation but have a common influence which suggests pleiotropic effects leading to correlated responses. The positive association between the morphological traits measured may aid the biomechanical abilities (locomotion) of the chickens. The result of this study agreed with report of Talatyet al., (2010) who assessed bone densities in birds with different gait scores and found no difference in tibial density of birds with higher gait scores. As reported by Bizerayet al., (2004) lack of exercise has been linked to some extent with leg problems. This could be due to the possibility that changes in weight and morphology may increase the reluctance of chickens to walk (Sherlock et al., 2010) . Table 2 shows the effects of genotype on morphology of the chickens. The result shows that there were significant effects (p<0.05) of genotype on keel length and tibiotarsus. The longest keel was obtained in Marshall followed by Ross and Arbor Acre. Ross broiler chickens possessed the longest tibiotarsus followed by Marshall and Arbor Acre with the lowest tibiotarsus. This could be contemplated as a sign that genetic control of leg condition is possible as reported by (Kestinet al., 1999) . This implies that long keel length and tibitarsus recorded in Ross will aid the walking ability of the chicken genotype than other genotypes (Marshall and Arbor Acre). Several authors have assessed the genetic component of leg weakness in broilers. The assessment criteria have included: fast growing hybrid types (Kestinet al., 1999) , fast growing versus slow growing genotypes (Kestinet al., 2001) , and degree of inheritance (Ask, 2010) . The effect that genotype may have on leg defects was also assessed by Kestin et al., (1999) and . Furthermore, Kestin et al.,
expanded this analysis to different genotypes and their results showed that slow growing animals had a lower mean for gait score than the fast growing genotypes. However, there were no significant effect (p>0.05) of g e n o t y p e o n g i r t h , f e m u r a n d tarsometatarsus of the chickens.
The result of effects of the stocking density is shown in 
CONCLUSION
The study has shown that there was positive association between the morphological traits measured. The longest keel was observed in Marshall and Ross possessed the longest tibiotarsus. Conversely, stocking density had no significant effect on the morphological traits. Genotype × stocking interaction effects were not observed in keel length, girth and hip width but femur, tibiotarsus and tarsometatarsus were significantly affected by interaction effects of genotype and stocking density. It is thus, concluded that the three genotypes could be reared at 
Introduction
Maize (Zea mays L.) is the third most important cereal crop after wheat and rice in terms of production in the world (IITA, 2009 ). It is a major cereal crop for livestock feed, human nutrition and essential raw material for several agrobased industries in Nigeria (Akande and Lamidi, 2006) .But considering the pressure exerted by limited land, expanding population, effects of diseases and insect pest pressure, traditional breeding methods alone might not be sufficient for great demand for maize both in terms of quality and quantity. Consequently, several biotechnology approaches have received more emphasis. Among such are particle bombardment (Kleinet al., 1989) and Agrobacterium-mediated (Valdez-Ortiz et al., 2007) . However, success or failure of maize genetic transformation largely depends on the ability of transformed tissues to proliferate and subsequently regenerate into whole plants.
Immature embryo-derived calli are more efficient for plant regeneration but its production is a time-dependent procedure and difficult to obtain in all seasons of the year, while mature embryos from dry seeds are available any time throughout the year; mature embryos have been used to induce callus and regenerate plants (Huang and Wei, 2004) . It has been established that large seeds had higher germination rate,seedling emergence success and more rapid growth than small seeds (Seiwa and Kikuzawa, 1991) . The higher seedling emergence and growth of large seedswere attributed to large storage reserves in their endosperm or cotyledons a n d a l s o t o t h e i r b i o c h e m i c a l compositions (Khurana and Singh, 2001) .
Seed size has a special role in crop production. There have been immense studies on seed size in various plant species.Seed size is one of the most important characteristics of seeds that can affect the seed development (Rezapouret al.,2013) . Larger seed size indicates a higher protein synthesizing ability, which is probably attributed to more available substrate and energy (ATP), active enzymes and machinery for protein synthesis (Ching and Rynd, 1978) . Therefore, in endosperm-supported mature embryo culture, seed size, (which is proportionately reflected in the endosperm size), may also affect callus induction and plant regeneration potential (Ozgenet al., 2007) .
Seed size has also been reported to have direct effect on tissue culture response of callus from endosperm-supported mature embryos in barley (Ozgenet al., 2007) , wheat (Sayaret al., 1999) and rye (Ward and Jordan, 2001) ,while little information is available on the effect of seed size on thein vitro seed germination, seedlings growth, embryogenic callus induction and plantlets regeneration from mature embryos in maize. This study, therefore sought to determine the effect of seed size on in vitro seed germination, seedling growth, callus formation, plantlet regeneration, as well as, the relationship among these parameters. (Table  1) were obtained from seed production field ofI.A.R&T., Ibadan. The cobs were shelled and seeds weredesignated as large or small according to seed weight (g). Seeds weighing less than 25g were grouped as small seed, while seed weighing above 25g were classified as large seed (Figure 1 ). Most large seeds were shelled from the bottom of the cobs while small seeds were shelled from top of the cobs.One hundred small and large seeds of each variety in four replicates were weighed to determine the 100 seed weight. Mean of the four replicates were recorded (Table 1 ). Ten seeds were randomly selected from each category to determine seed morphometric parameters through the use of digital verniercalliper. 
MATERIALS AND METHOD
In vitro Seed Germination
The seeds were washed with Tween20 (detergent) under running tap water. They were then disinfected in 70% methylated spirit for 5 minutes and rinsed in three changes of sterile distilled water to reduce microbial load at early stages of germination. Twenty (20) disinfected seeds from each seed size of each maize variety were germinated between two sheets of filter papers (Whatman 1) laid in 100 x 10mm Petri dishes moistened with 10ml of distilled water. The filter papers were regularly moistened to ensure water saturation throughout the seedling germination period. The petri disheswere laid out in a completely randomized design (CRD) with five replicates per seed size. Data were taken on the followings: · Percentage germination (Germ %)evaluated as · The shootlength (SL) and root lengths (RL) (cm) were measured on seedlings after 10 days of germination with the use of transparent meter rule · S e e d l i n g f r e s h w e i g h t (SFW)measured on a sensitive electronic weighing balance immediately after removal from test tubes and wiped dry with paper towel. · Dry seedling weight (SDW) was calculated after oven-drying of the 0 seedlings at 70 C and the average seedling dry weight was then calculated according to Bibiet al., (2012) ; Kaydan and Yagmur,
.
Callus induction
Seeds were washed with Tween20 under running tap water. They were then disinfected in 70% methylated spirit, 0.1% and 0.2% mercuric chloride respectively and rinsed in three changes of sterile distilled water. Disinfected seeds were soaked in sterile distilled water overnightto soften the seed c o a t . C a l l u s w a s i n d u c e d u s i n g Guruprasadet al.,(2011)protocol. Mature embryos were excised from seeds aseptically and cultured on Murashige and Skoog basal medium (1962) supplemented with 30g/l sucrose, 3mg/l 2,4-D and 8 g/l agar. The pH of culture medium was adjusted to 5.8. Culture was 0 incubated at 25+2 c in complete darkness for 14 days. Two embryos were inoculated per plate and experiment was laid out in a completely randomised design with twenty (20) Plantlet Regeneration A f t e r t w o w e e k s o f c u l t u r e , embryogeniccalli were transferred to regenerating medium containing MS medium (Murashige and Skoog, 1962) supplemented with 0.5mg/l BAP and in combination with 0.5mg/l kinetin (Guruprasadet al., 2011) .Regenerated plantlets were then transferred to rooting medium containing half strength MS basalmedium supplemented with 1mg/l IBA(Guruprasadet al., 2011) with modification. Percentage plants regeneration was determined as
Data Analysis
Analysis of variance (ANOVA) was performed on data collected using IBM SPSS version 21.0 software. Difference between means was separated by the Duncan Multiple Range test (DMRT) at 5% and 1% levels of significance. R e l a t i o n s h i p s b e t w e e n i n v i t ro seedgermination and in vitro callus induction parameters were determined by Pearson correlation analysis using Statistical Tool for Agricultural Research (STAR, version: 2.0.1).
RESULTS AND DISCUSSION
In vitrogermination and seedling growth There were no significant differences between the percentage seed germination and root length of the varieties (Table 3) while the SL, SFW, SDW and Seedling length of the varieties were significantly different from each other (Table 3) . However, there were significant differences observed in shoot length, seedling fresh weight, seedling dry weight and seedling length among the varieties (Table 3) . Seed size had no significant effect on percentage seed germination, SL, RL and seedling length, but it has significant effect on seedling fresh weight (SFW) and seedling dry weight (SDW). There was no significant difference in the interaction between seed size and variety for all parameters measured in this study. This result is in agreement with the work of Johnson et al (1974) that seed size had no effect on seed germination of soybean and the interaction between seed size and cultivar. that of the small size seed (Table 4 ). This result is in concurrence with the findings of Kaydan and Yagmur, (2008) who reported that seedling growth of large size seed were higher than small seeds in Triticale.The difference between fresh and dry weights is equal to the water content of the tissues as water is important for photosynthesis because it is the source of hydrogen for the sugars formation through photosynthesis. Water content in large seed size was higher than small seed size in this study. This agrees with the findings of Ozgenet.al.,(2007) who reported that higher water content was observed in large seed size of Barley genotype. Perry, (1980) reported that there was a close correlation between seed size and seed nutritional resources; large seeds produced larger seedling compared with small seeds and it can cause an increase in the crop production in the field.The differences between seedlings grown from different seed sizes in the early stage could be a good indicator of the success of plants in later phases of their life cycle (Ozgenet al., 2007) . Tripathi and Khan, (1990) and Ozgenet al., (2007) reported that the large food reserves in seeds could allow for better photosynthetic activity, which could contribute to better growth and seedling survival. 
In vitro callus induction and plantlet regeneration
Callus (type II) has good genetic potential to de-differentiate and re-differentiate to form a whole plantlet after passing through series of physiological and biochemical changes (Fig 2) .Calli wereinitiated two days after inoculation on MS medium in complete darkness (Fig.  2b ). This could be attributed to the presence of meristematic cells in the scutellum. Al-Abed et al., (2006) has reported the presence of the meristematic cells in the scutellum of maize embryos from which callus was induced. Mean squares of the varieties were significantly different for callus formation, shoot formation, root formation and plant regeneration ( SSS 29.00±0.11 37.00±0.11 6.00±0.10 6.00±0.10 6.00±0.10 16.80b
seedling dry weight (0.97), and seedling length (0.88). Significant and positive relationship was also obtained between seedling fresh weight and seedling dry weight (0.86) (Table7).Positive relationship was also detected among the in vitro callus induction parameters and p l a n t l e t r e g e n e r a t i o n ; p l a n t l e t regeneration was positively correlated with shoot formation (0.48), callus formation (0.51) and callus fresh weight ( 0 . 5 2 ) . C a l l u s f o r m a t i o n w a s significantly and positively correlated with root formation (0.86) ( Table 7) . Correlation between in vitro germination Table 6 : The effect of seed size on in vitro callus induction parameters and plantlet regeneration in five maize genotypes and in vitro callus induction parameters showed that there was positive relationship between percentage seed germination and callus induction parameters. Also, positive association was detected between callus fresh weight and most of in vitro seed germination parameters (Table 7) .This result c o r r o b o r a t e s t h e w o r k o f Ozgenet.al.,(2007) who reported that there was positive relationship between seed size and invitro germination parameters, callus induction and also plant regeneration parameters in mature embryos of Barley.Positive and significant relationship between in vitro seed germination and in vitro callus induction parameters suggests that these traits may either be controlled by the same or similar genes or may be c o n t r o l l e d b y c l o s e l y l i n k e d genes (Brown and Caligari, 2008 ). 
Conclusion
The study showed that large seeds had significant effect on almost all the traits and positive correlationswere observed between in vitro germination, seedling growth, callus induction and plantlet r e g e n e r a t i o n . T h e s e r e s u l t s therefore,suggestthat these traits may either be controlled by the same or similar genes or may be controlled by closely linked genes. It can be concluded that callus fresh weight can be used as a markerfor improving regeneration efficiency in maize.Findings from this study are good information that can assist plant breeders to improve maize using biotechnology for efficient and rapid incorporation of relevant seed traits on desirable maize genotypes.
